Under present-day conditions of significant national currency fluctuations in the Russian Federation, a search for effective methods of foreign exchange risk management in the banking system is being updated. In this regard, development of a mathematical model for optimizing the asset and liability structure in Russian banks with allowance for the foreign exchange risk was the goal of the research. Using a method of regression analysis, a mathematical model has been developed to optimize the balance sheet structure of the banking system based on determining the dependence of net profit on asset and liability figures of the balance sheet, whereby the profit and profitability of banking in foreign currency is maximized. This mathematical optimization model was based on the permissible foreign exchange risk level standards in banking. Statutory financial reporting data of the Russian banking system in the aggregate denominated in foreign exchange (in ruble equivalent) for the period from 01.10.2010 to 01.02.2019 and disaggregated by months were used. The model results for the last three years were compared with the actual data. The model results can help optimize efficient allocation of resources and improve banking foreign exchange risk management policies.
Introduction
Today, banks play a crucial role in the national economy as financial intermediaries. Not only the financial system's reliability but also the national economic stability as a whole depends on the level of their financial sustainability and operational efficiency (Halim et al., 2015; Saksonova, 2013; Chunikhin et al., 2019; Kunitsyna et al., 2018) . In this regard, the key objective of banking institutions is not only to assess potential risks but also to form a respective mechanism to counteract their negative impact. Being a large and complex system with a huge number of variables, various factors and relationships, financial risk analysis requires quite complex, welladvanced mathematical methods, statistical data processing methods, numerical methods, and computer tools (Mehri & Jamshidinavid, 2015; Mohammadi & Sherafati, 2015; Teresienė, 2018; Oleksyk, 2018; Tvaronavičienė et al., 2018; Hilkevics, Semakina, 2019) . One of the risks that have adversely affected the financial performance and, consequently, the sustainability of the Russian banking institutions within the specified periods is the foreign exchange risk. In downturns, the exchange rate volatility has sharply increased. Thus, in early 2009, the dollar rose by 48% compared to the Russian ruble from the same period a year earlier, while in January 2015 the dollar grew by 72% compared to 2014. Starting from late 2008 and for much of 2009, the banking system demonstrated a violation of a foreign exchange position standard, the maximum value of which was observed in January 2009-34.6% (at a normal rate of no more than 20%), which indicates a high foreign exchange risk. The ruble weakening was observed throughout 2015, and in early 2016 the dollar rose further by 28.3% compared to 2015, while as of 1 January 2019, the dollar grew by 21.7% compared with the same period a year earlier (The Central Bank of the Russian Federation, 2019a). It should be noted that many countries have faced foreign exchange risks in recent decades. Moreover, the situation is constantly exacerbated by intensified globalization processes. For example, in 2018 the Turkish lira fell by more than 40%, which, according to Goldman Sachs' analysts, would significantly reduce supplementary capital of banks because the value of their own capital in the national currency was decreasing compared to foreign currency loans while the banks still had to repay the foreign currency debts in the amount of 76 billion dollars (Pitel & Arnold, 2018) . In Russia, the International Monetary Fund (IMF) experts have identified two currency crises-in 1998 and in 2014 (Laeven & Valencia, 2018) .
The current situation necessitates further study of the theoretical and practical foundations for the formation of a risk management system to manage foreign exchange risks in lending institutions based on mathematical modeling, since the existing methods have proved to be inconsistent (Agarana et al., 2014; Bolotov, 2013a Bolotov, , 2013b . One way to solve the problem of foreign exchange risk management can be development of mathematical tools to control bank assets and liabilities, including a foreign currency component. In the most general terms, asset and liability management represents planning of assets and liabilities according to different requirements and the bank management objectives via consolidated balance sheets (a balance method). Asset and Liability Management (ALM) shows the relationship between risk and bank profitability. All financial decisions of a bank are reflected on the balance sheet, which makes it possible to evaluate their effectiveness and risk level (Alhumaidah, 2015; Umarova & Idirisova, 2015) . Asset and liability management strategy refers to mathematical planning that includes various constraints in the form of mathematical equations and takes into account all the relationships between phenomena that must be balanced (Mehrabi, 2014) . Recently, in addition to maximizing profits, banking institutions have had to solve problems related to risks, liquidity, social issues, etc. In such cases, researchers recommend using multi-criteria decision-making models, such as a goal-oriented programming model as a multi-criteria decision making model (Khalili, 2007; Izadi et al., 2012; Azizi & Neisy, 2017) . Having regard to the above, development of a mathematical model to optimize the balance sheet structure of the Russian banking system with allowance for the specified level of foreign exchange risk is the major goal of this research. In the furtherance of this goal, the ratios between balance sheet items in the form of financial ratios were primarily determined and then, using a nonlinear programming method, optimal plan (ideal) indicators of the balance sheet structure were calculated.
Literature review
In the development of global banking and financial activity, the question of how to manage foreign exchange risks in banking institutions has always been regarded as an important issue because the operation of financial institutions is closely linked to conducting significant quantities of foreign exchange transactions. Today, the banking arsenal avails of the following foreign exchange risk management practices: foreign exchange position management, hedging by means of derivative contracts, Value-at-Risk (VAR) methods, and currency matching. Each of the reviewed management methods has disadvantages: the possibility of breaching risk hedging contracts in the event of a crisis, the need for large amounts of data and complex calculations according to the VAR methods, analysis of foreign exchange position as a whole in terms of total assets and liabilities of a bank rather than on an item by item basis, etc. At the same time, the asset and liability management method to manage foreign exchange risks by means of optimizing the balance sheet structure denominated in foreign currency has not been reflected in the current scientific literature.
A number of authors (Alizadeh et al., 2016; Izadi et al., 2012; Ebrahimi, 2010; Islami et al., 2011; Arewa et al., 2013; Khazri et al., 2018; Dudka, 2006; Umarova & Idirisova, 2015) in their studies used the asset and liability management method to identify an optimal structure of a bank balance sheet, taking into account different objectives. Thus, using the ALM method and an ideal scheduling model, Alizadeh et al. (2016) optimized bank balance sheet structures through case studies of five banks in order to maximize profits and taking into account the balance sheet risk. In turn, Izadi et al. (2012) , using multi-purpose decision-making techniques, made an attempt to optimize balance sheets of commercial banks to maximize the shareholders' wealth. The research results have shown that all the anticipated goals for market risk and deviations from the planned values were fully achieved, with the exception of market risk that was zero. Using a method of hierarchical analysis of an ideal scheduling model for asset and liability management, Ebrahimi (2010) optimized the balance sheet structure of Tejarat bank in accordance with goals such as capital adequacy and liquidity level maximization. In their study, Islami et al. (2011) show that by means of an ideal scheduling model, a bank balance sheet can be structured so that so that it will improve the bank's resource distribution efficiency. Khazri et al. (2018) , through the case study of an Iranian bank, using fuzzy hierarchical analysis in conjunction with the ideal scheduling model structured the balance taking into account structural and ideological constraints, as well as legal requirements. The results obtained contribute to a more efficient allocation of bank resources. Dudka (2006) developed a complete asset and liability management model through the case study of a Russian bank, mainly aimed at building such a bank asset and liability structure that would contribute to an increase in the bank's net interest margin. Umarova and Idirisova (2015) in their study suggest optimizing a bank balance sheet, taking into account off-balance assets and liabilities; they also come to the conclusion that banks should make allowance for risks when managing their assets and liabilities but they should never build their strategy on interest rate estimates. Arewa et al. (2013) propose an optimal structure of a bank balance sheet with allowance for the liquidity risk using the ideal scheduling method through the case study of United Bank for Africa (UBA). Alhumaidah (2015) developed two optimization models for the central bank of Saudi Arabia, taking into account an outflow of reserves. Saksonova (2013) proposes to optimize the structure of assets and liabilities through the case studies of Latvian banks to ensure operation profitability and minimize the interest rate risks. Thus, according to the analysis of literary sources, the balance method is the most acceptable method to control assets and liabilities.
Materials and methods
This study is a practical research that has analyzed the existing part of balance sheet structure of the banking system in the Russian Federation, denominated in foreign currency (in ruble equivalent) and proposed a mathematical model of its optimal structure. The restrictions and requirements presented in the model were developed with due consideration to the opinions of experts and rating agencies (Moody's Investors Service, 2009; Karkowska, 2014; Asian Development Bank, 2015; Xu et al., 2019; Azizi & Neisy, 2017) The study used statutory financial reporting data from the Russian banking system as a whole, foreign currency denominated (in ruble equivalent) for the period from 01.10.2010 to 02.01.2019, disaggregated by months. The data for the study were derived from the official website of the Bank of Russia (The Central Bank of the Russian Federation, 2019b). A reference data sample is presented in Table 1 . To determine optimal plan (ideal) indicators of the balance sheet structure, it is proposed to apply one of the most reliable non-linear programming methods-a non-linear generalized down-gradient method built into the package "Search for Solution" in MS Excel (Standard Excel solver -limitations of nonlinear optimization, 2019). Gradient methods allow one to find a solution to any smooth nonlinear programming problem in the general case. A disadvantage of these methods is seeking local extremums, not global ones. However, since the search for optimal values of indicators must be carried out in the vicinity of actual indicator values, this problem is removed in the framework of this study.
The final stage of the study involves comparison of the optimal and real (actual) indicators of the balance sheet structure, which would improve the decision-making quality.
As noted previously, it is proposed to use the total profit maximization of the banking system as a decision optimality criterion. To build this criterion function, a method of correlation and regression analysis should be used. A multiple linear regression model of dependence of the banking system's total profit on the indicators of a balance sheet structure denominated in foreign currency is written as:
where Z is net profit, billion rubles; are asset figures in foreign currency, billion rubles, are liability figures in foreign currency, billion rubles, are unknown model parameters.
Stimulants that contribute to increasing bank profits are such balance sheet asset items as securities, loan portfolio, derivative financial instruments, and correspondent accounts with lending institutions. Disposable funds and accounts with the Bank of Russia contribute to an expansion of liquidity; they have no effect on a decline in profits. However, their substantial amount may have an effect of lost profit because the money is kept in the accounts while it could be invested in income-earning assets. All the liability items (except for the item "accounts of lending institutions") are disincentives that reduce the profits. Funds in current accounts and bonds are cheaper resources that, consequently, have a smaller negative impact on profits.
This model was developed using the "Regression" function built into the "Analysis Package" in MS Excel. This function determines unknown parameters of the linear model based on a least squares method, as well as a wide range of statistical measures allowing for evaluation of the developed model quality. When constructing a regression and studying the interrelationships of the observed values of both types of variables, muticollinearity was not studied due to the following considerations:
1) the importance of variables for assessing the balance and a complete macroeconomic picture, as well as the list of the banking system controls with allowance for the foreign exchange risk; 2) the purpose of the article was not to obtain a connection between the observed values of variables and its comprehensive study, but to study and explore balance sheet variables, to control the main balancing variables, and to optimize the criterion function.
To develop a balance sheet optimization model taking into account the currency component, the following notation for determining the balance sheet structure of the banking system was introduced (Table 2) . The choice of the list, type and values of model variables is fully determined by the structure of actual balance sheets in the banking system with regard to requirements of the Bank of Russia for a maximum size of the foreign exchange position (no more than 20%) in order to develop effective tools for managing assets and liabilities in foreign currency. Part of the variables was excluded from the model due to their degeneracy. Thus, as can be seen from Table 2 , there are no indicators such as: "other equity holding"; "derivative financial instruments"; "fixed assets, other real estate, intangible assets, and inventories"; and "disposition of profits" among the asset indicators in foreign currency. Among the liability indicators in foreign currency, there are no indicators such as: "owner's equity", "bonds"; "promissory notes and banking acceptances". This is due to the fact that the value of these indicators was constant (or quasi-constant) and tended to zero throughout the study period from 01.10.2010 to 02.02.2019. As for the indicator "owner's equity", in accordance with the requirements of the Central Bank of Russia, it should be formed only in national currency; therefore, its values were equal to zero in the balance section reflecting foreign exchange operations.
ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
Features of the subject area and strength of financial indicators' relationship within the banking system at the macroeconomic level imply the existence of linear and nonlinear links between balance variables. Most of these links are formalized and interpreted in the model as constraints, with some being considered isolated. The variables included in the calculation (balance ratio) of each other (for example, Y4 includes Y5 and Y6) are not excluded from the model because of the need to preserve invariance in the balance structure, as well as due to the fact that their inclusion does not defy the model logic. 

Results
An optimal balance sheet structure of the banking system with allowance for foreign exchange risk was determined on the basis of the following nonlinear optimization model in the form of maximum of a target function:
under conditions:
( (14) where Z is profit, billion rubles; CK is funds and profits of lending institutions (owner's equity), billion rubles.
To build the target function, the method of correlation and regression analysis was used based on the initial data on the balance sheets of the banking system for the period from 10.01.2010 to 02.01.2019 disaggregated by months (the sample size was 100 points).
The obtained multiple regression equation is adequate as evidenced by sufficiently high values of the coefficients of determination (0.6387) and multiple correlation (0.7992) and also statistically significant in general according to F-test (Fcalc = 9.9> Ftab (0.95; 15, 84) = 1.79).
Constraint (3) in the proposed model determines the ratio between the loan portfolio and assets ranging from 65 to 70%, as recommended by best banking practices.
Condition (4) restricts the ratio between operational assets and assets to at least 60%, as recommended by best banking practices.
Constraint (5) determines the share of nonperforming loans in the loan portfolio (no more than 5%), as recommended by banking experts.
Inequality (6) restricts the share of absolutely liquid assets to at least 12%, as recommended by world's experts. Constraint (7) determines the desired ratio between loans and deposits at a level of no more than 1, as recommended by best banking practices.
Condition (8) limits the ratio between the sum of X1, X2 and deposits at a level of 5 to 10%.
Constraint (9) determines the ratio between liquid assets and funds in settlement accounts at no less than 50% in accordance with regulatory requirements for current liquidity ratio imposed by the Central bank of Russia.
Condition (10) establishes the foreign exchange position standard within a maximum of 20%, as required by the Central Bank of Russia.
Inequality (11) restricts the ratio between interbank loans and liabilities at a level of no more than 20%, as recommended by best banking practices.
Constraint (12) determines the share of funds in current accounts at no more than 30%, as recommended by best banking practices.
Constraint (13) determines the ratio between deposits and liabilities at a level of at least 50%, as recommended by best banking practices.
The value of owner's equity in this model is set as a priori information in the form of a constant (the actual value as of the date under study), since the owner's equity value is assumed to be an uncontrollable variable.
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Discussion
The results obtained through the case study during the last three years (from 01.01.2017 to 01.01.2019) indicate that banks could increase the amount of assets and liabilities in foreign currency, which would have a positive effect on the banking system profits. Also, in the optimal model, the banking system liquidity levels would improve due to an increase in cash resources and cash equivalents, as well as the amount in correspondent accounts with other banks as of 01.01.2019 and 01.01.2017. In this event, the loan portfolio size in the planned balance is slightly reduced as of 01.01.2019 and 01.01.2017, while profits increase due to a growing securities portfolio during these periods. In turn, the amount of funds in the optimal balance liabilities as of 01.01.2019 and 01.01.2018 in current accounts that are unstable resources and can be withdrawn at any time is declining. A decreased deposit portfolio of legal entities and individuals as of January 1, 2019 compared to the actual values would have allowed banks to increase their income by reducing the cost of interest on deposits. According to the research results, it can be seen from Fig. 1 that the expected profit and return on assets at the optimal structure of the balance sheet in a foreign currency is significantly higher than that actually received. Also, the levels of foreign exchange risk (the foreign exchange position standard) in 2017-2018 in the planning periods decrease and remain within the normal range in 2019 despite some growth. It is important to note that the increase in assets and liabilities in foreign currency as of 01.01.2019 has affected a growth in the foreign exchange position by 3.5 percentage points (up to 6.4%) and in the return on assets-by 11.2 percentage points (to 17.5%). Such a significant increase in the expected profit and return on assets in 2019 was determined by a plummeting of the dollar exchange rate by 21.7% compared with the previous year (The Central Bank of the Russian Federation, 2019a). In other words, a controlled foreign exchange risk when the dollar keeps rising can improve the profitability of banking institutions. Thus, optimization of the balance sheet in the Russian banking system, denominated in foreign exchange, would maximize profits at a controlled level of currency exposure, which indicates that the goal of research has been achieved.
The point of the study was an attempt made to optimize the balance sheet structure, firstly, at the macro level (using the example of the banking system as a whole) and, secondly, only in the part of the banking system balance that reflects foreign currency transactions. All the previous studies discussed in Literature review had mainly affected the micro-level (individual banking institutions) and did not consider the foreign exchange risk management. Unfortunately, the paper does not consider the possibility of optimizing the structure of assets and 494 liabilities of the banking system, expressed in foreign currency, in a downturn. This, in our opinion, should serve as a line of further research on this subject.
The results of the study may find practical use in improving the foreign exchange risk management policies at the level of banking system, pursued by the Central Bank of Russia. Optimization of the balance sheet structure of the banking system, taking into account then foreign exchange risk, would allow for maximization of profits in the context of currency rate volatility that has recently become more frequent and would reduce the number of unprofitable banks. The proposed approach to optimizing the balance sheet structure through the cases study of the banking system can also be adapted for individual banking institutions.
Conclusion
In this study, a mathematical model was developed to optimize the balance sheet structure of the Russian banking system. The model presented in the framework of this study has made it possible to determine such a structure of assets in the banking system and portfolio of liabilities that would help to ensure a controlled foreign exchange risk dimension with an increase in the dollar exchange rate. Practical implementation of the developed mathematical model to optimize the balance sheet structure allows one to identify a level of plan indicators in the balance sheet structure that would ensure excess of the actual level of bank financial stability indicators: profit and return on assets. The proposed approach is an effective and universal tool for managing foreign exchange risks in the Russian banking system and for developing timely preventive measures to reduce them in the framework of the tactical and strategic banking activities. Also, this mathematical optimization model can be used as a tool for monitoring and assessing bank performance efficiency. Some major advantages of this approach are dynamic programming and the possibility to use various constraints for structural balance sheet indicators in compliance with modern requirements for financial security of banking institutions and increasing the correlation between balance sheet items. The proposed mathematical model for optimizing the balance sheet structure can serve as a guide for the Central Bank of Russia in decision-making and developing strategies in various economic circumstances. In addition, the proposed approach can serve as a tool for individual banking institutions used to plan a bank's future development strategy.
